The city of Riyadh, Saudi Arabia has experienced rapid population growth and urban expansion over the past several decades. Due to such growth, the capital city faces many short and long-term social and environmental consequences. In order to monitor and mitigate some of these consequences, it is essential to examine the past changes and historical growth of the city. It is also essential to measure its urban sprawl over the past few decades. The objective of this study is to fulfil these goals. It does so by first examining the historical growth of the city of Riyadh. To do so, Landsat data over the past two and half decades are classified using a combination of supervised and unsupervised classification techniques. Based on the classification results, the study then uses Shannon's Entropy to measure the urban sprawl in the city. The results show that from 1990-2009, the urban built-up area of the city has increased by 90% in the western, south-eastern, and northern parts. The Shannon's entropy values show that the city is dispersing towards the outskirts of the city. The results from this study will assist city planners and government officials to plan, reduce, and perhaps mitigate some of the social and environmental consequences and enable the growth of the city in a sustainable manner in the near future.
INTRODUCTION
The capital of Saudi Arabia, Riyadh, has experienced rapid expansion and population growth over the past several decades (Aina, Merwe, & Alshuwaikhat, 2008) . Such expansion and increasing population in the cities will have several environmental and social consequences (Ahmed, Kamruzzaman, Zhu, Rahman, & Choi, 2013; Dewan, Kabir, Nahar, & Rahman, 2012; Dewan & Yamaguchi, 2009) . In order to assess and reduce these consequences, it is essential that the changes in the city's land use and land cover is examined and the presence of urban sprawl is measured. Modern advancement of GIS and Remote Sensing technologies have made them an essential tool for examining land use and land cover changes (Hassan, Mahmud-Ul-Islam, & Rahman, 2015; Rahman & Rashed, 2015; Yuan, Sawaya, Loeffelholz, & Bauer, 2005) . They have also been useful for measuring urban sprawl of various cities in the world (Bhatta, Saraswati, & Bandyopadhyay, 2010) . With the use of historical remote sensing data, this study examined the land use and land cover changes in the city of Riyadh, the capital of the Kingdom of Saudi Arabia. To do so, this study proposes a combination of supervised and unsupervised classification methods. Using the classification results, the study also measured the decadal urban sprawl of the city using the Shannon's Entropy Index in a GIS platform.
STUDY AREA
Riyadh is located in the central part of the Arabian Peninsula. The city currently has a population of 5.25 million (CDSI, 2010) . Most of the residents live in the eastern parts where the city is fairly flat. The western parts are hilly with the Wadhi Hanifa flowing from the northwest to the south-eastern parts of the city. Being situated in Western Asia, the city has subtropical desert dry climate. Since most of the changes in the landscape occurred in the eastern parts of the city, it was chosen as the area of interest for this study. The study area contains 16 municipalities with 159 neighbourhoods and has an area of approximately 2824 sq. km. (Figure 1 ).
METHODOLOGY

Data Collection and Pre-Processing
Due to their affordability, moderate resolution, and historical archival availability, three Landsat imageries from the United States Geological Survey (in "Level 1T" format) were acquired for this study. The Level 1T data were already provided by USGS with geometric and systematic radiometric corrections processed through ground control points (USGS, 2015) . 
Image Classification
A combination of unsupervised classification method was used to classify the landscape of the city into three major classes using the Anderson Level 1 classification scheme. The details of the land-cover classes are given in Table 2 . The images were first classified using the ISODATA unsupervised classified method. The Iterative Self-Organizing Data Analysis Technique Algorithm, commonly known as ISODATA classification method is an unsupervised classification technique that is a Figure 1 . Study area boundary in the City of Riyadh variant of the K-means clustering algorithm (Campbell & Wynne, 2011) . The algorithm works by first randomly placing cluster canters in the dataset and then assigning pixels to each centre based on the minimum distance between the pixels and the centres. It then calculates the standard deviation within each cluster and the distance between the cluster centres. A second iteration of the process is performed with new cluster centres. The process is repeated and in each iteration, two clusters are merged if the distance between them is less than some predefined minimum distance. The iteration stops when there are no significant changes in the cluster statistics or the maximum number of user-defined iterations are reached. In this study, the ISODATA clustering algorithm was applied on the datasets from the three years in ENVI v. 5.0 using the following input parameters: number of classes (minimum of 5, maximum of 15), maximum iterations (15), change threshold (5%), minimum number of pixel in class (5), maximum class standard deviation (1), minimum class distance (5), and maximum number merge pairs (2).
Once the data were classified using ISODATA classification method, it was processed further using a maximum likelihood supervised classification (MLC) technique (Campbell & Wynne, 2011; Jensen, 2004) . The MLC method was conducted using signatures from a total of 174 training sites chosen from the three LULC classes (vegetation, bare soil/sand, and urban built up area). The training sites were chosen using stratified random sampling method. Once the final classification was complete, misclassified pixels were manually corrected and a 3 by 3 grid cell low-pass filtering was used to reduce the "salt-and-pepper" effect in the classified results. Finally, a post-classification change detection method was used to compare the changes.
Land Cover Type Description
Urban/Builtup Areas
All infrastructure including residential, mixed use, commercial, industrial areas, villages, road network.
Vegetation
Agricultural lands, grassland, natural vegetation, trees, gardens, parks, and play grounds.
Soil & Sand
Bare soils, open spaces, excavation sites, developed land, sand, and all land cover types. Table 2 . Description of land cover types used in the study
To examine the accuracy of the classification results, reference points selected through stratified random sampling method from 168 locations distributed across the study area were chosen. Historical LULC maps (in ArcGIS shapefile format) along with recent high resolution GeoEye image were then collected and geometrically corrected with the Landsat imageries and the ground truth data. The classified results were then compared with the LULC maps, GeoEye image, and the reference points. Contingency tables were then created and the producer's accuracy (PA), user's accuracy (UA), overall accuracy (OA), and the kappa coefficient were calculated to assess the accuracy of the classified results.
Urban Sprawl Measurement
Numerous challenging methods have been used to define, measure, and quantify urban sprawl. However, the integration of Shannon's Entropy and GIS tools is one of the simplest and efficient methods to measure urban sprawl (Cabral, Augusto, Tewolde, & Araya, 2013 ). Shannon's entropy (E n ) measures the degree of concentration and dispersion of a geographic variable among n zones. It has been used to examine whether land development is dispersed or compact in several cities of the world (Araya & Cabral, 2010; Rahman, 2016; Sun, Forsythe, & Waters, 2007) To perform the analysis, the three classified maps were first reclassified into two categories: built-up and non-built up areas. Then ith numbers of concentric circles or buffers are drawn from the center of the city. As in other Islamic cities, the grand mosque is considered to be center and the oldest part of the city. Therefore, the buffers were drawn surrounding the mosque. The zonal statistics function of ArcGIS v. 9.3 was then used to calculate the amount of built up area within each circle and relative entropy values were calculated for each year. Relative Shannon's entropy scales the standard entropy values from 0 to 1 and is beneficial for comparing entropy values from multiple years. The relative entropy for the three years was calculated by,
Where = ∑ and x i is the density of land development, which equals the amount of built-up land divided by the total amount of land in the ith zone in n total zones (Sun et al., 2007) . Entropy values closer to 0 indicates the distribution is very compact and values closer to 1 would suggest an evenly dispersed distribution across space.
RESULTS & DISCUSSIONS
The spatial distributions of the land use and land cover and their areal statistics for the three years are given in Figure 2 and Table 3 . The overall accuracies of the classified results were 83% (1990), 85% (1998), and 89% (2009). The classified results show that the city is expanding in the western, south-eastern, and northern parts of the city. Between 1990 and 2009, the urban built up area in the city almost doubled (90%). The increase is due to population increase due to migration of the local villagers and expatriates migrating into the city for the better employment, education, and health facilities. The expansion is also due to the economic prosperity of the Kingdom (Aina et al., 2008) . The vegetation has also increased during this last two decades. This increase in the vegetation is due to the various initiatives to make the city green so that it is at par with other global cities (Garba, 2004) . Finally, the increase in vegetation and the urban built up area is causing the bare soil to decrease. Such modification of the landscape will have several consequences including rise in urban land surface temperature and formation of urban heat islands, rise in energy consumption, air pollution, and increasing costs in living expenses To measure the urban sprawl, Shannon's entropy was used as an index in this study. A total of 60 buffers were drawn to cover the entire study area (Figure 3) . The relative Shannon's entropy for the three years are as follows: 0. 65 (1990), 0.68 (1998), and 0.71 (2009) . The changes in the Shannon's entropy suggest the city is getting dispersed towards the outskirts of the city in the northern, southern, and south-eastern parts of the city. The Shannon's entropy results are lower than other cities in kingdom (Rahman, 2016) and in the world including China and Canada (Li & Yeh, 2004; Sun et al., 2007 
CONCLUSIONS
This study has used historical land use and land cover data to examine the land use and land cover changes in the capital city of Saudi Arabia from 1990-2009. It has also measured the urban sprawl in the city. The results show that the city is expanding towards the southern, south-eastern, and northern parts. In addition to increasing built-up area, the city is also increasing the amount of vegetation. However, such growth is causing the bare soil to decrease. The growth is causing the dispersion of the city in the outskirts of the city, as evidenced by the Shannon's entropy values. The results from this study will be beneficial to the planners and government officials of the City. It will allow them to examine the growth of the city and compare it to the previous masterplan of the city. It will also allow them to examine the vacant lands of the city and examine how it can be developed in the future in a sustainable manner.
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